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(57) ABSTRACT

A device for calibrating membrane tubes which are extrud-
able by an extrusion die includes a ring along an interior wall
with which the extruded membrane tube can be guided, and
a cooling liquid supply source which can be used to provide
a cooling liquid which can be conveyed to between the
interior wall and the membrane tube. The ring includes at
least one open chamber in the region where the membrane
tube exits the ring, with at least one opening of the open
chamber facing the membrane tube and being sealed with at
least one permeable webbed piece. A vacuum can be applied
to the chamber.
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DEVICE AND METHOD FOR CALIBRATING
FILM TUBING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a national stage of PCT/EP10/067237 filed Nov.
10, 2010 and published in German, which claims the priority
of German number 10 2009 046 587.1 filed Nov. 10, 2009,
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of Invention

The invention relates to a device for calibrating mem-
brane tubes which are extrudable by an extrusion die, as well
as a method for calibrating such membrane tubes.

2. Description of the Prior Art

Devices for calibrating membrane tubes have long been
disclosed. In addition to being used for calibrating the
membrane tube, said devices are also used for quickly
cooling the membrane tube. In the process, the cooling
speed has a considerable impact on the transparency of the
future membrane. Generally, a high cooling speed also
means high transparency. For this reason, a fluid is used for
the cooling, because fluids have a high thermal capacity
compared to a gas. Water is often used for the sake of easy
handling. However, because the gravitational force has a
considerable impact on a fluid compared to a gas, the
membrane tubes cooled in this fashion are extruded from an
extrusion die toward the direction of the gravitational force,
i.e. downward.

This kind of device is described in the disclosure state-
ment DE 2 005 182. The device disclosed there comprises a
ring along the interior wall of which the extruded membrane
tube can be guided. This means that the interior wall of the
ring delimits the space for the membrane tube, so that it is
defined by the ring’s diameter and hence always has the
same diameter as the ring. The ring is often referred to as
“calibration sleeve” in technical circles.

Furthermore, the device disclosed there comprises a cool-
ing liquid provision appliance with which a cooling liquid
can be provided which can be conveyed to between the
interior wall and the membrane tube. The cooling liquid is
conveyed through the porous wall of the ring and reaches the
space between the exterior surface of the membrane tube
and the interior wall of the ring, so that the two are not
touching each other, but a good heat exchange is possible.
Transparent membranes can be produced in this manner.

However, it is a disadvantage that only membrane tubes
made of certain materials can be produced with these kinds
of devices. With certain materials, such as for example
polypropylene (PP), the just extruded area of the membrane
tube located above the frost line is unable to retain the
already cooled part of the membrane tube located further
down. The so-called inherent retention force is close to zero
in some materials. Consequently, these kinds of materials
cannot be produced by means of a described device. In order
to manufacture transparent membranes made of these kinds
of materials, other devices and methods, including for
example the production of so-called flat membranes, need to
be used. But these kinds of membranes cannot be manufac-
tured efficiently this way.

SUMMARY OF THE INVENTION

Therefore, the object of the present invention is to propose
a device based on a device according to DE 2 005 182 with
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2

which membrane tubes can be manufactured with high
efficiency using other materials.

According to the invention, this object is solved with a
device for calibrating membrane tubes which are extrudable
by an extrusion die, including a ring along an interior wall
with which the extruded membrane tube can be guided in a
transport direction. Accordingly, it is intended that the ring
comprises at least one open chamber in the region where the
membrane tube exits the wherein at least one opening of the
chamber is facing the membrane tube and is sealed with at
least one permeable element and that a vacuum can be
applied to the chamber.

The “outlet region of the ring” refers to the bottom end of
the ring. An opening of the chamber can be created for
example by integrating a slot surrounding the entire circum-
ference of the interior wall of the ring. In this case, the slot
represents the opening. However, said chamber is sealed
with an element which is permeable for the cooling liquid.
Said element can be a webbed piece, which can also be
called membrane. When a vacuum is applied to the chamber,
at least part of the cooling liquid between the ring and the
membrane tube is then vacuumed off. In other words, a
cooling liquid cycle can be generated. Some of the cooling
liquid can indeed remain on the membrane tube, but these
quantities are relatively small. The crucial effect is that the
membrane tube is pulled outward in the region of the
element because of the vacuum. Because the membrane tube
has already hardened in the outlet region of the ring to the
point where its intrinsic retaining force is high enough to
retain the sections located further down, the membrane tube
can be retained by impressing a force directed radially
outward. Said impressed external retaining force is sufficient
so that the area of the membrane tube above the frost line is
exposed to a lower tensile force. A plurality of the described
rings can be used to increase the outward directed force. The
provision of a plurality of chambers in one ring can also be
useful for this purpose.

In a preferred embodiment of the invention, the chamber
completely surrounds the membrane tube. Indeed, a plurality
of chambers can be provided in the circular direction. The
provision of a chamber surrounding the entire circumference
has the advantage that the outward directed retention force
is distributed evenly to the circumference of the membrane
tube. In this case, the webbed piece is advantageously also
continuously encircling the entire circumference.

Moreover, it is advantageous if the webbed piece com-
prises at least one elastomeric material. This helps achieve
that the webbed piece is pulled outward to a greater or lesser
extent when the vacuum is varied. This prevents the webbed
piece from touching and subsequently damaging the mem-
brane tube.

Different starting materials are conceivable for the
webbed material. Advantageously, this can include a per-
meable fabric. Said fabric can comprise synthetic fibers
which can additionally be elastic. However, one or a plu-
rality of solids, which are porous, are generally possible as
well. This includes for instance sintered materials. Yet, the
permeability can also be achieved with different other mate-
rials equipped with drilled holes.

It is advantageous if the ring is interspersed with conduits
through which a cooling medium can be guided. The con-
duits can be part of an additional circuit which is indepen-
dent of the potentially present circuit for the cooling liquid
mentioned above. The cooling medium and the cooling
liquid can be different. They may also be heated to different
temperatures by means of different temperature setting
devices. The mentioned conduits can be used to cool the
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ring, which ensures the rapid removal of a large quantity of
heat from the membrane tube.

In a further advantageous embodiment of the invention,
the extension of the ring can be changeable—when viewed
from the transport direction of the membrane tube. The
cooling distance usable for the membrane tube can be
modified in this manner, so that the membrane tube can be
cooled to a greater extent. In the process, the ring can for
example consist of a plurality of individual annular pieces,
which can be stacked. More or fewer annular pieces are
stacked on top of each other, depending on the desired
cooling distance. The annular pieces can be connectable
with each other in a suitable manner. In a different alterna-
tive, annular pieces can be retained moveable against each
other, wherein some of the annular pieces comprise exten-
sions which cover parts of the interior walls of other annular
pieces so that no free areas are created after they have been
moved.

To simplify the fastening of the webbed piece on the ring,
it is particularly advantageous that the upper edge and the
lower edge of the chamber are each provided with a bar
around the entire circumference which can be used to fasten
the webbed piece. The webbed piece can be fastened on the
bars in different fashions. For example, it is possible to
provide ledges which can be screwed down on the bars and
push the webbed piece against the bars. In so doing, the bars
can comprise complementary recesses relative to the ledges
such as for example slots to prevent the ledges from pro-
truding beyond the interior circumference of the ring.
Clamps are another possibility for fastening the webbed
piece. The person skilled in the art is familiar with other
fastening methods which can be used here.

It is advantageous if the height of the chamber can be
changed in the transport direction of the membrane tube.
This allows changing the magnitude of the external force
acting on the membrane tube. Prestressing the webbed piece
is another option, to prevent it from being pulled as far
outward due to the impact of the vacuum.

In another embodiment of the invention, it is provided that
an additional ring-shaped body is provided above the lower
edge of the chamber, which comprises a surface facing the
membrane tube, said surface being inclined compared to the
exterior surface of the membrane tube. The surface is
tapered in the transport direction of the membrane tube. This
helps successively bring back the membrane tube which
usually has a larger inner diameter in the region of the
chamber opening to its original diameter. The webbed piece
extends along the inside of said surface and therefore, the
membrane tube does not come into direct contact with the
surface.

In the process, it is particularly advantageous if a fluid
which is pressurized with overpressure can be applied to the
body and if the surface facing the membrane tube is per-
meable for said fluid. The fluid can for example be a liquid,
such as a cooling liquid. However, it can also be provided to
use a gas instead, for example air. A gas is particularly
advantageous in this instance. The fluid is transported to
between the webbed piece and the membrane tube as a result
of the overpressure and creates a gliding film between the
webbed piece and the membrane tube here, making the
contactless return of the diameter of the membrane tube to
its original diameter possible.

BRIEF DESCRIPTION OF THE DRAWINGS

Other embodiments of the invention can be derived from
the description at hand and the drawing.
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In the individual figures:

FIG. 1 shows a device according to the prior art

FIG. 2 shows a device according to the invention

FIG. 3 shows another embodiment of a device according
to the invention

FIG. 4 shows another embodiment in which the ring
comprises a plurality of annular segments

FIG. 5 shows another embodiment in which the ring
comprises a plurality of annular segments that are displace-
able against each other

FIG. 6 shows a section of FIG. 5, wherein the annular
segments have been displaced against each other.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, it should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

FIG. 1 shows a device 1 for calibrating a membrane tube
2 according to the state of the art disclosed in DE 2 005 182.
The membrane tube 2 is extruded downward in the direction
z of the gravitational force through a ring-shaped output gap
of the extrusion die 3. Normally, a gas is guided into the
interior of the membrane tube 2 through a not illustrated
supply conduit, said gas comprising an elevated pressure
compared to the atmospheric pressure. For this reason, the
membrane tube initially continues to expand in the direction
7 during the transport. Because of the gas content of the
membrane tube, it is often referred to as a membrane bubble.
The expansion only stops when the membrane tube enters a
ring 4 which is deemed an essential component of the device
1. Here, the possible radial expansion of the membrane tube
is restricted by the interior wall 5. The membrane tube often
hardens into a crystalline or semi-crystalline composite after
entering the device. This is achieved by cooling-down to
below the melting point of the material of the membrane
tube. The line surrounding the entire circumference, which
is defined by the points of the transition from molten to solid,
is also known as frost line 6.

The forces acting on the membrane tube essentially
include the inherent retention force 7 of the membrane tube
which is associated with its stability, as well as the tensile
force 8, which is mainly the result of the weight of the
membrane tube and the forces used up by the driven
membrane transport appliances (for example take-off roll-
ers). The force ratios for certain materials such as PP are
illustrated by the length of the arrows 7 and 8 for a point 9
in the membrane tube 2 above the frost line. Arrow 7
represents the maximum retention force the membrane tube
is capable of applying. This arrow is considerably shorter
than arrow 8, which represents the tensile force. The mem-
brane will inevitably rupture above the frost line. Certain
materials cannot be made into a plastic membrane tube with
the desired transparency using the device according to the
prior art.

This can be remedied with a device explained below
based on the exemplary embodiment illustrated in FIG. 2. It
is essential for the invention that a device 11 is provided
which exerts a force in the radial direction onto the mem-
brane tube in order to generate a force of kinetic friction 10
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which is opposed to the tensile force 8. An example of said
device 11 is described in detail below.

Below the frost line 6, the tensile force 8' is acting on the
membrane tube. Now it is not only the retention force 7'
which is greater above the frost line compared to the
retention force 7 that is opposed to this force, but also the
force of kinetic friction 10. The forces are advantageously
adjusted in such a way that the membrane tube is transported
with a desired speed, albeit without rupturing. The force
ratios at the points above the frost line have changed
compared to the prior art. Because now the membrane tube
no longer pulls with its full weight, but only with the weight
of the tube section up to the height where the radial force is
applied, the tensile force 8 is now smaller than the maximum
retention force 7. Materials whose retention force 7 is not
very high can be manufactured with a device according to
the invention.

In this exemplary embodiment, the ring 4 firstly com-
prises at least one upper trench whose wall 13 facing the
membrane tube is lower than the exterior wall 14, allowing
as much cooling liquid 15, hereinafter called water for short,
to be poured into the trench as necessary for it to pass the
wall 13 and enter between the interior wall 5 of the ring 4
and the membrane tube 2. The water flow is illustrated by
means of the arrow 16. The upper part 17 of the ring 4 is
equipped with conduits 18 through which a cooling medium
can be guided. Said cooling medium removes the heat that
is withdrawn from the tube 2 through the water 15 and from
the ring 4.

In order to exert a radial force of the membrane tube 2, the
lower part 19 of the ring 4 comprises a chamber 20 sur-
rounding the entire circumference, which comprises an
opening again surrounding the entire circumference on the
side facing the membrane tube 2. However, said chamber 20
is sealed with a webbed piece 21 surrounding the entire
circumference, which preferably consists of permeable fab-
ric. The webbed piece 21 is illustrated as a dotted line in
order to emphasize the permeability for the cooling liquid
15. The passage of the water itself is symbolized with the
arrow 22.

In order to now be able to exert a radial force onto the
membrane tube 2, the chamber is connected via the aspirat-
ing hole 23 with a not illustrated vacuum generation appli-
ance used to generate a vacuum in the chamber 20. However,
the vacuum is selected in such a way that the water is not
vacuumed off, but can accumulate in the channel 24, so that
it can be removed via the supply joint 25. Vacuum refers to
the pressure that is lower relative to the atmospheric pres-
sure. The pressure difference ranges from 1 to 20 mbar,
preferably from 1 to 10 mbar, in particular 1 to 5 mbar. These
kinds of pressure differences, which need to be set depend-
ing on the material of the membrane tube and/or depending
on its thickness and/or other parameters, result in an
adequate force of kinetic friction while preventing the
membrane tube from being pulled too closely to the webbed
piece 21, which would result in scratches or other damages
of the membrane tube.

One bar 26, 27 each is provided at the upper edge and at
the lower edge of the chamber for fastening the webbed
piece 21, said bar being used to fasten the webbed piece 21
on the upper or lower edge, respectively. Generally, different
fastening options are available. A ledge 28, 29 connected
with the bars 26 and 27, for instance by screwing it on to
clamp down the edges of the webbed piece, is advantageous.
However, part of the surface amounting to at least 10%,
preferably at least 20%, is unsupported, meaning that the

10

15

20

25

30

35

40

45

50

55

60

65

6

webbed material is not resting on a body on the side facing
away from the membrane tube.

An additional body 30 surrounding the entire circumfer-
ence and equipped with cavities 31 is provided on the
outflow side of the chamber 20. A fluid can be supplied to
said cavity 31 via the supply opening 32, said fluid being
pressurized with an overpressure. The wall 33 facing the
membrane tube 2 is permeable for said fluid, so that it is able
to pass through said wall and the webbed piece 21 covering
the wall 33. The fluid forms a fluid film which carries the
membrane tube contactless. The gradient of the fluid flow is
represented by the arrow 34. The fluid flow is divided into
two components. While one part is carried along by the
membrane tube and leaves the device 1 in the transport
direction z of the membrane tube 2, a second part moves
upward against the transport direction due to the vacuum in
the chamber 20 and is aspirated via the chamber 20. If air or
a different gas is used as fluid, it can act as a seal and largely
prevent the cooling liquid 15 from exiting in the downward
direction.

The wall 33 is tapered toward the transport direction of
the membrane tube 2, meaning that the membrane tube can
successively be returned to its original diameter that it had
in the upper area 17 of the ring 4. In the process, the surface
33 advantageously has an angle between 0 and 30 degrees,
in particular between 5 and 20 degrees, with the transport
direction z.

FIG. 3 shows another embodiment of the device accord-
ing to the invention. Said embodiment corresponds to FIG.
2, but the expansion of the chamber 20 can be changed in the
transport direction z. For this purpose, the chamber 20 is
divided into two parts 36 and 37, which are sealed against
the surroundings with the seal 35. The person skilled in the
art is familiar with devices for setting the height and their
arrangement and no further explanation is therefore required
here.

The ring 4 in FIG. 4 consists of annular segments. In the
present example, these are the annular segments 38 and 39.
Additional annular segments can be added or one of the
annular segments can be removed, depending on the desired
or required cooling distance.

In FIG. 5, one of the annular segments, here annular
segment 39, comprises an extension 40 which overlaps with
the interior wall of another annular segment, here annular
segment 38. The interior surfaces of the annular segments 38
and 39 as well as the extension 40 are preferably designed
such that the ring is able to perform its calibration function
as well as possible. For this purpose, in particular sharp
edges should be avoided.

In FIG. 6, the two annular segments 38 and 39 have been
displaced against each other, thus lengthening the cooling
distance. The extension 40 still partly overlaps with the
interior surface of the annular segment 38, meaning that the
cooling distance has not been interrupted.

The embodiment according to FIG. 5 can also be com-
bined with the embodiment according to FIG. 4. It is for
instance conceivable that several pairs of corresponding
annular segments are arranged in succession, wherein pairs
can be added or removed. This results in superior variability
of the cooling distance.

Different characteristics have been disclosed in the pres-
ent disclosure. Any combinations of characteristics are also
deemed included, even if they are not explicitly described.
As a result, many further embodiment variants which reflect
the inventive idea are conceivable.
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Reference list

1 Device for calibrating a membrane tube 2
2 Membrane tube
3 Extrusion die
4  Ring
5 Interior wall

6  Frost line
7 7' Maximum retention force
8 8"  Tensile force

9  Point above the frost line
10 Force of kinetic friction

11 Appliance for exerting a radial force onto the membrane tube
12 Upper trench
13 Wall of the upper trench
14 Exterior wall
15 Cooling fluid
16  Flow of the cooling fluid 15
17 Upper part of the ring 4
18 Conduit
19 Lower area of the ring 4
20  Chamber surrounding the entire circumference
21  Webbed piece surrounding the entire circumference
22 Arrow
23 Aspirating hole

24 Channel

25  Supply joint
26  Bar

27  Bar

28  Ledge

29  Ledge

30  Body

31  Cavity

32 Supply opening
33 Wall

34 Fluid flow
35  Seal

36  Lower part of the chamber 20

37  Upper part of the chamber 20

38  Annular segment

39 Annular segment

40  Extension

z Direction of the force of gravity/transport direction of the
membrane tube

What is claimed is:

1. A device for calibrating membrane tubes which are

extrudable by an extrusion die, comprising:

a ring having an interior wall, along which the extruded
membrane tube can be guided in a transport direction
(@),

a cooling liquid source device with which a cooling liquid
can be provided, said cooling liquid being conveyed to
between the interior wall and the extruded membrane
tube,

wherein the ring includes at least one open chamber in a
region where the extruded membrane tube exits the
ring, wherein at least one opening of the at least one
open chamber is facing the extruded membrane tube
and is sealed by at least one permeable element, and

wherein a vacuum can be applied to the at least one open
chamber,

a ring-shaped body provided downstream of an upper
edge and upstream of a lower edge of the at least one
open chamber in the transport direction (z) of the
extruded membrane tube, said ring-shaped body
including a surface facing the extruded membrane tube
which is inclined relative to an exterior surface of the
extruded membrane tube,

8

a fluid pressurized with overpressure which can be
applied to the ring-shaped body,

the surface of the ring-shaped body facing the extruded
membrane tube being permeable for said fluid, with the

5 surface being covered with the at least one permeable

element, and

one part of a resulting fluid flow flowing against the
transport direction (z) because of the vacuum in the at
least one open chamber.

2. The device according to claim 1, wherein the at least
one open chamber completely surrounds the extruded mem-
brane tube.

3. The device according to claim 1, wherein the at least
one permeable element is a webbed piece.

4. The device according to claim 3, wherein the webbed
piece includes at least one elastomeric material.

5. The device according to claim 1, wherein the at least
one permeable element is a permeable fabric.

20 6. The device according to claim 1, wherein the ring is
interspersed with conduits through which a cooling medium
can be guided.

7. The device according to claim 1, wherein an expansion
of the ring is changeable in the transport direction (z) of the

25 extruded membrane tube.

8. The device according to claim 3, wherein an upper edge
and the lower edge of the at least one open chamber are each
provided with a bar surrounding an entire circumference
thereof, which can be used for fastening the webbed piece.

9. The device according to claim 1, wherein a height of the
at least one open chamber can be changed in the transport
direction (z) of the extruded membrane tube.

10. A device for calibrating a membrane tube extruded
with an extrusion die, said device comprising:

a ring having an interior wall that guides the extruded
membrane tube in a transport direction (z), with a
cooling liquid being provided to a location between the
interior wall and the extruded membrane tube;

a chamber disposed where the extruded membrane tube
exits the ring, with an opening of the chamber facing
the extruded membrane tube and being covered by a
permeable element, such that a vacuum can be applied
to the extruded membrane tube via the chamber so as
to remove an amount of the cooling liquid; and

a ring-shaped body disposed downstream of a first part
and upstream of a second part of the chamber relative
to the transport direction (z), the ring-shaped body
including a surface facing the extruded membrane tube
that is inclined relative to an exterior surface of the
extruded membrane tube,

with the surface of the ring-shaped body being covered
with the permeable element and being permeable for a
pressurized fluid that is applied thereto,

such that a portion of a flow of the fluid is countercurrent
to the transport direction (z) as a result of the vacuum
applied in the chamber.

11. The device according to claim 10, wherein the ring-
shaped body and the pressurized fluid provide a cushion for
the extruded membrane tube as it passes the chamber and a
60 diameter of the extruded membrane tube is reduced.
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